• Asthma is frequently poorly controlled despite effective modern medication
Introduction: the need for innovations in asthma management strategies
Among the outstanding achievements of modern medicine are the remarkable improvements in asthma outcomes occurring over the latter part of the last century. Although the prevalence of asthma has risen [1] , improvements have occurred in hospitalisation, mortality, symptom control and quality of life (QoL). These were achieved through the widespread use of safe, effective medication and structured, proactive care [2] . Hospital-based specialist care is now reserved for those with poor control or severe, therapy-resistant disease while generalists and primary care clinicians now provide care for the majority with mild or moderate disease. It is possible that an inappropriate sense of complacency arose, with a feeling that we had ''got on top'' of asthma, and asthma slipped down in priority in the health agenda.
The new millennium has shown that this optimism was unwarranted; asthma is still among the most common long-term conditions, it is incurable, and outcomes have stopped improving [3] . The level of disease burden caused by asthma remains huge, resulting in levels of health impairment similar to chronic liver disease and schizophrenia [4] . Unfortunately, patients continue to die or experience life-threatening attacks, which are usually avoidable [5] . As well as these rare but severe attacks, there is also a huge burden of long-term ill health for most people with asthma. Repeated, often unpredictable, episodes of breathlessness and distressing chest symptoms are a fact of life for most people with asthma in ''real-life'', even for those with apparently mild disease. Surveys show that the majority of people with asthma in Europe experience regular symptoms [6] resulting in an impaired ability to lead a full, productive life, and to large direct and indirect costs [7] . Management is aimed at reducing the impact of asthma on daily life (quantified by validated questionnaires measuring symptoms, quality of life, health resource use and biomarkers of disease activity) and the risk of future adverse events (such as death, hospitalisation, exacerbations and permanent lung damage) [8] . Surveys of asthma control have shown little or no recent improvements in any of these outcomes in most developed countries. In the UK, for instance, mortality and hospitalisation rates are static [9, 10] , with marked regional variations [11] . The majority of European patients continue to report significant symptoms [6] other than in countries that have prioritised asthma as a public health problem [12] . This has occurred at a time when we have had a stream of new licensed asthma products and evidence that, in closely controlled clinical trial settings, most can achieve good control [13] . Is there an element to treating asthma that we are missing out on? In particular, are there non-pharmacological strategies that we could be using to help our patients cope better and to reduce the impact of asthma on their lives?
Asthma outcomes and the ''whole patient'': beyond the pharmacological The ''stepped'' pharmacotherapy strategy familiar from asthma guidelines may encourage the belief that stronger medication is needed when control is poor. Some patients do indeed have severe, therapy-resistant disease, requiring more effective pharmacotherapy. However, good-quality management (including self-management education and treating co-morbidities) can often improve outcomes even in this group [14] , and psychosocial problems and non-adherence are common in people with asthma of all severity levels. Asthma is incurable and usually a lifelong condition, and the recurrent and unpredictable experience of having to struggle to breathe is frightening and disturbing, potentially undermining overall wellbeing. If other life stressors are present, such as co-morbidity, psychosocial disadvantage or a lack or resilience to stress resulting from genetic or environmentally factors, some will experience symptoms as more distressing and may not cope with them well.
Clinicians recognise that some people cope better with illness than others. Some cope well despite objectively severe disease and poor lung function, but others report high symptom loads, multiple perceived problems and restricted quality of life despite apparently mild disease. Symptoms and quality of life correlate poorly with ''objective'' physiological and pathological parameters of disease control [15, 16] , and are more strongly correlated with psychosocial measures [17] . Socio-economic factors, multimorbidities and psychological state [18] , have strong and independent associations with all asthma outcomes, and the strongest independent predictor of the unpleasantness of breathlessness for a given degree of bronchoconstriction during a challenge test is anxiety [19] . Quality of life, symptoms, health resource use, exacerbation rate and even deaths are independently related to psychological state, with psychiatric co-morbidity accounting for 29% of symptom variance in one report [20] .
Psychological dysfunction is generally found to be up to six-times as common in people with asthma [18] , with asthma-related QoL correlating better with psychosocial factors than lung function or treatment step [21] . Underlying mechanisms are incompletely understood but probably relate to several overlapping biological and behavioural factors. Functional neuroimaging studies show that brain structures mediating breathlessness are related anatomically and functionally to those processing emotions [22] , and that emotional state may influence immunological responses, for example to aeroallergens [23] . Anxiety is associated with worsened selfmanagement behaviour [24] .
Over-breathing (hyperventilation) and abnormal breathing patterns (dysfunctional breathing) are commonly associated with anxiety, and breathing-control exercises have long been used as a treatment for anxiety and panic. Hyperventilation and other abnormalities in breathing have also been associated with asthma, implicated as triggers for bronchoconstriction and the production of asthma-like symptoms in patients of all levels of objective asthma severity [25] .
A certain amount of anxiety is natural and inevitable with distressing symptoms, such as dyspnoea, and can promote appropriate responses such as seeking help or using necessary medication. Excessive anxiety or inappropriate responses, however, can result in a ''negative feedback'' situation of worsening symptoms leading to further emotional and cognitive distress, often involving overbreathing or abnormal unstable breathing, and with poor self-management behaviour. As a consequence, a number of different types of breathing-control techniques have been advocated for treating asthma.
Breathing exercises for asthma
Breathing exercises for asthma can be broadly divided into three groups: exercises aimed at manipulating the pattern of breathing (breathing retraining); exercises aimed at increasing the strength and/or endurance of the respiratory muscles (respiratory muscle training); and exercises aimed at increasing the flexibility of the thoracic cage and improving posture (musculoskeletal training). In this article, we will focus on breathing retraining techniques, because these currently have the strongest and most convincing evidence base for effectiveness in asthma and are the most widely practiced. It should be noted that although many practitioners are applying these techniques clinically to children and teenagers, the only robust current research trial evidence applies to adults, with a recent Cochrane search for evidence in other age groups finding zero papers for inclusion in their review [26] .
Breathing retraining for asthma is a specific area of breathing exercise therapy that, after several years of relative neglect, has seen a considerable resurgence in research activity over the last decade. The breathing training techniques most frequently investigated have been physiotherapist-administered breathing exercises [27] [28] [29] [30] , as well as alternative techniques, such as the Buteyko breathing method [31] [32] [33] and yogic breathing [34, 35] . Of these, physiotherapy and Buteyko have the higher level of evidence and are now mentioned in several guidelines for asthma management.
Breathing retraining Aims
The aims of breathing training (table 1) are to ''normalise'' breathing patterns, usually by adopting a slower respiratory rate with longer expiration and reduction in overall ventilation [36] . Use of abdominal rather than the upperchest and accessory muscles of ventilation in resting breathing, and nasal rather than mouth breathing are also frequently stressed. The rationale for this training is based on the assumption that people with asthma have abnormal or dysfunctional breathing patterns. The evidence for this assumption is fairly weak, as few reliable studies have compared breathing patterns in people with asthma to healthy subjects. People with asthma (even mild well-controlled asthma) do have on average a lower arterial and end-tidal carbon dioxide tension than matched non-asthmatic subjects, indicating a tendency to over-breathe [37] . There is indirect evidence from surveys from the UK reporting one-third of women and one-fifth of men treated for asthma in general practice have had symptoms suggestive of hyperventilation or ''dysfunctional'' breathing [25] , and from Spain where one-third of asthma patients in a Spanish pulmonology clinic had such symptoms [38] . Approximately one-fifth of patients attending UK difficult asthma clinics were found after detailed assessment to have functional breathing disorders (including dysfunctional breathing and vocal cord dysfunction) as a major factor in their illness [39] .
Method of delivery
Breathing training for asthma should be considered as a complex multicomponent behavioural change intervention involving both instructional and practice phases. In clinical practice, the instruction phase of the intervention is conventionally delivered individually via face-to-face methods between a patient and a therapist. Although some studies have used small-group delivery, no direct comparisons have yet been trialled for group versus one-toone delivery. Some trials have used alternative ''distance'' delivery methods, such as video/ DVD in an Australian study [40] investigating the effects of two breathing training programmes delivered as a videotaped instruction programme. Both programmes were associated with improved health status and major reductions in bronchodilator use from baseline values. They have subsequently been made available as Internet downloads and used in Australia to improve asthma control in routine practice. The minimum length and number of instruction sessions required to achieve improvement is not known and, in clinical practice, they tend to be individualised according to the needs of the patient. In our experience with physiotherapy breathing retraining, 3-4 sessions spread over a period of about 6 weeks are effective. The typical content of these sessions can be seen in figure 1 .
Patients are then encouraged to put the various techniques into practice on a daily basis and to try to incorporate them into daily routines until they become ''second nature'' and embedded into daily life. The ideal number and duration of practice sessions is also unknown and, as with the instruction sessions, is likely to vary between individuals.
Programme content
Breathing training generally involves a package of components. The Papworth (physiotherapy), Yoga and Buteyko packages all have different underlying philosophies but also have some core similarities, with breathing pattern modification being the primary component. Other common elements are advice on route of breathing, breath holding, relaxation and home exercises. More variable elements are nutritional advice, medication usage advice, asthma education, aerobic exercise prescription and use of biofeedback (e.g. capnometry or breathing rate).
Breathing-pattern modification
At the core of all packages is breathingpattern modification. The main components 
Figure 1
Typical content of face-to-face breathing retraining sessions expansion, lower thoracic expansion, abdominal expansion). Although there is no evidence that altering chest movement affects regional distribution of ventilation, it has been proposed that the abnormal afferent proprioceptive input associated with an upper thoracic breathing pattern can directly result in increased perception of respiratory symptoms [41] . Each of these components can be altered depending on the desired effect. All programmes aim to reduce breathing rate and physiotherapy, and Buteyko additionally aims to reduce overall ventilation. This requires attention to be paid not only to rate, but also to depth of breathing. A slower rate can be achieved but if inspired tidal volume is allowed to increase, this may result in unchanged minute ventilation. It is generally easier to teach slowing the rate first, before attempting to control volume. A slower rate is achieved through prolonging the expiratory phase and increasing pause times. There are theoretical benefits from altering the inspiratory:expiratory ratio to permit longer expiratory times and potentially reduce hyperinflation. The majority of stable asthma patients do not exhibit tidal expiratory flow limitation at rest, but both expiratory flow limitation and dynamic hyperinflation are common during exercise [42] .
Breathing pattern re-trainers frequently describe the need to ''regularise'' the breathing pattern, i.e. to reduce the variability of rate and depth. There is limited evidence for increased pattern variability in asthma [43] , but there is theoretical and pragmatic support for encouraging regularity. The effect of the rhythmic cycling associated with tidal breathing in decreasing airway smooth muscle tone has been reported from both in vivo and in vitro studies [44] .
Nasal breathing
Breathing may occur through the nose or the mouth, and the biological role of nasal breathing is to filter, warm and humidify inspired air, all potentially important factors in minimising the impact of asthma. The route of breathing in asthma is infrequently reported, although mouth breathing may be frequently observed in people with asthma (sometimes an association with co-morbid allergic rhinitis, a treatable condition), and asthma outcomes may be worse in those with co-morbid nasal disease [45] . One study specifically reporting on route of breathing found the oral route common during exacerbations [46] . In people with asthma, nose breathing has been associated with a reduction in night-time episodes [47] and a reduction in inspired flow velocity [48] . Mouth breathing may be associated with worsened asthma symptoms, with one study [49] reporting that enforcing oral breathing for adult asthma volunteers resulted in the development of asthma symptoms in a third, and a progressive reduction in forced expiratory volume in 1 s over 60-minutes of oral breathing, compared with nasal breathing.
Use of breath holds/pauses
One of the common components of those breathing training packages that have been tested in published randomised controlled trials is the use of breath holds or pauses. Breath holding has multiple theoretical benefits. For example, end-inspiratory breath holds of 3 s are used to make use of collateral ventilation in patients with reduced ventilation or retained secretions. The aim is to improve distribution of ventilation and allow air to get behind secretions [50] . Proposed, but unproven, benefits of breath holds are to desensitise individuals to raised carbon dioxide tensions and to reduce respiratory rate [51] . However, even an apparently simple technique such as breath holding contains hidden complexity. Breath holds can be: inspiratory or expiratory; held at various volumes (such as maximal inspiration or functional residual capacity); held for varying durations using different break-points; held during rest or during activity; involve nose holding or not. This level of detailed description is not generally available in published trials. Physiotherapists in our local area use end-expiratory breath holds (at functional residual capacity), with the nose held, and holds are sustained to the point of discomfort, but not for so long that the patient has to take a deep breath afterwards.
Evidence for breathing exercises in asthma
Although breathing excises might be viewed as a novel, perhaps even ''new-age'', treatment, breathing control and relaxation exercises have a long pedigree and were a major component of asthma treatment in the era before effective inhaled treatment: many older asthmatics will recall being instructed in breathing techniques in their youth. Despite this, breathing control had largely disappeared from routine care until a recent revival of interest, although surveys of complementary and alternative medicine use have shown that many patients have used breathing control, often without the knowledge of their medical attendants. Due to the recent expansion in research, there is now a greatly improved evidence base. Breathing training techniques investigated have included physiotherapistadministered breathing exercises [28] [29] [30] , the Buteyko breathing method [31] [32] [33] and Yoga breathing [34, 35] . Many clinicians have been sceptical about the role of breathing training in asthma, partly due to exaggerated and unsubstantiated claims made by proponents of specific packages, particularly Buteyko practitioners. However, there is now a convincing body of evidence that breathing training for people with asthma is effective in improving patient-reported endpoints, such as symptoms, health status and psychological well-being, and may be effective in reducing rescue bronchodilator medication usage. There is currently no convincing evidence that breathing training has an effect on airway inflammation or physiology.
Two recent systematic reviews have formally assessed the evidence. A systematic review of breathing exercises and/or retraining techniques in the treatment of asthma performed for the US Agency for Healthcare Research and Quality [52] found 22 studies. Although these were heterogeneous in terms of methodology, intervention and quality, the review found that hyperventilation-reduction techniques achieved a medium-to-large reduction in symptoms and reduction in medication use (1.5-2.5 puffs of b 2 -agonist per day), although with no improvement in pulmonary function. Generally, improvements were seen in patient-reported outcome measures, particularly quality of life, rescue medication requirement and symptoms, with lesser or absent improvements in physiological disease parameters. The review concluded that ''behavioral approaches that include hyperventilation reduction techniques can improve asthma symptoms or reduce reliever medication use over 6 to 12 months in adults with poorly controlled asthma and have no known harmful effects.'' An updated Cochrane review in 2013 of ''Breathing exercises for adults with asthma'' [53] with more restrictive criteria considered 13 studies involving 906 participants. Again, considerable heterogeneity was found, but six out of seven studies reporting symptom control showed significant differences favouring breathing exercises. All eight studies that assessed quality of life reported an improvement in this outcome. Effects on lung function were more variable, with no difference reported in five out of the 11 studies, while the other six showed a significant difference favouring breathing exercises. Meta-analysis was possible only for symptoms and quality of life, and showed a significant difference favouring breathing exercises for both parameters. Recent guidelines have come to similar conclusions, with the latest Global Initiative for Asthma (GINA) iteration stating that ''breathing exercises may be a useful supplement to medications'' [54] . The recently updated non-pharmacological management section of the British Thoracic Society (BTS)/ Scottish Intercollegiate Guidelines Network (SIGN) UK Asthma Guideline [55] gives grade-A recommendation to the statement ''Breathing exercise programmes (including physiotherapist-taught methods) can be offered to people with asthma as an adjuvant to pharmacological treatment to improve quality of life and to reduce symptoms'', based on evidence graded as 1++. This should now be a standard part of the range of treatments offered to patients.
Targeting: who benefits from breathing training?
Asthma encompasses a variety of phenotypes, and different therapeutic approaches may be effective in different patients [56] . At present, data from published trials suggest that those who would benefit most from breathing training seem to be those with impaired quality of life (when assessed with a validated questionnaire, such as the Asthma Quality of Life Questionnaire) despite standard medication (which currently applies to over half of those labelled with, and treated for, asthma in Europe). Although intuitively one might think those with symptoms of hyperventilation would be more likely to benefit, in the largest trial to date, no significant difference in response to training from those with higher hyperventilation symptom scores (evaluated using the Educational questions Nijmegen questionnaire) or lower baseline carbon dioxide tension [28] . Similarly, clinically diagnosed or screening-revealed anxiety and depression did not predict the response to treatment in current trials [28] . Despite the improvements in patient reported outcomes, however, none of the RCTs to date have reported sufficiently detailed information on breathing pattern before and after breathing training to establish if a) breathing pattern at baseline is genuinely abnormal and b) if it alters after a breathing training intervention. Breathing retraining requires a commitment from the individual patient in terms of time and effort. It suits those who are happy to be involved with self-management but is unlikely to be effective in patients who prefer a ''quick fix'', or who lack sufficient motivation to practice and sustain the techniques alone. However, for patients who are not achieving adequate control despite apparently adequate pharmacological treatment, informing them of the possibility of breathing control and referring them to an appropriate source of instruction would be in agreement with current evidence and guidelines.
Integrating breathing exercises into routine care
A problem for many clinicians and patients is accessing therapists who can provide this training, which can be problematic for many respiratory specialists, and more so for community-based generalists. The cost-effectiveness of increasing access to respiratory physiotherapists or other suitable professionals has not been assessed. Currently many patients who are interested in this type of treatment can only access it by paying unregulated therapists or by self-help books, internet pages or YouTube videos of unknown efficacy. Many clinicians are unable to conveniently access such treatments so are unfamiliar with the benefits that can be provided to their patients from it. We feel that all clinics providing care to those with difficult-to-control asthma should include professionals skilled in the detection of behavioural and psychological issues in holistic asthma care and have routine access to breathing training programmes for suitable patients. The use of validated questionnaires measuring psychological health would be useful, although clinics incorporating health psychology expertise report good results.
There is, however, also potential for this approach to benefit many patients treated in the community whose asthma is mild to moderate but who have on-going health impairment. We are currently investigating the clinical and cost-effectiveness of an interactive ''digital'' audio-visual breathing training programme (which can be delivered by the internet or DVD) with written supporting material, compared to face-to-face programmes and usual care, in the BREATHE (Breathing Retraining for Asthma: Trial of Home Exercises) study ( fig. 2) [57] . Potentially, this could allow a method of allowing large numbers of people to access the treatment in a convenient and inexpensive way.
Conclusion
Asthma is a complex, multi-faceted condition, and control is sub-optimal for most patients. As asthma cannot be cured, recurrent symptoms results in distress and in increased life-stress that may lead to psychological dysfunction (associated with worsened asthma outcomes) for some. There is now a compelling body of evidence showing that instruction in fairly simple breathing exercises provided by a trained therapist can improve patients' experience of their disease and 
Breathing Freely
How can stomach breathing benefit me?
Stomach breathing is helpful because it can be used to help relieve your asthma symptoms (such as feeling short of breath) when you feel an attack coming on. Be careful not to take very big breaths at this point.
6. Now, as you breathe in gently, try to keep your chest still whilst allowing your stomach to rise.
7. As you breathe out allow your stomach to fall gently -do not force it.
You should aim to practice stomach breathing regularly during the day reduce their reliance on rescue medication. Many patients will explore breathing-control techniques independently of their doctors, which may result in expense, inconvenience, exposure to less effective techniques and misinformation. It is possible to provide evidence-based, rational and acceptable breathing training programmes as part of an overall integrated asthma service and many patients can benefit from this approach. Access to trained therapists is an on-going issue, but future research may allow greater access to effective programmes.
